Sperm capacitation involves functional changes, such as the removal or appearance of specific molecules and changes in the plasma membrane; the acrosome reaction (AR) is an exocytotic event induced by calcium influx, enabling the spermatozoa to penetrate the zona pellucida. These processes can be achieved only if the spermatozoa have good viability; indeed, determination of sperm viability is used for the assessment of semen quality. Membrane integrity and mitochondrial activity are important viability parameters of spermatozoa and fluorescent techniques based on membrane permeability to dyes have been developed to determine these parameters. The aim of this work was to determine the viability of boar sperm (fresh, one hour of capacitation induction and 20 min of AR induction) by flow cytometry using propidium iodide (PI) (1.25 μg/mL) and rhodamine 123 (R123) (0.20 μg/mL). Aliquots of 5 × 10 5 sperm were incubated with each fluorochrome separately and simultaneously for 10 or 20 min, respectively, at 38˚C. The proportion of labeled spermatozoa and their fluorescence intensities were measured using a flow cytometer. The fluorescence index (FI) with PI gradually increased during the incubation and we found significant differences between all the groups. With R123, the FI increased in the capacitated sperm but decreased in the acrosome-reacted sperm, with significant differences between the fresh and capacitated spermatozoa. Our results suggest that the increase in the R123 fluorescence intensity in capacitated spermatozoa is due to changes in the mitochondrial membrane activity because the spermatozoa experienced changes in membrane fluidity and flagellar activation during capacitation. The use of fluorochromes and flow cytometry is a good tool for monitoring many markers of sperm function. Although capacitation and AR processes have been well studied, there is still much information to be elucidated with regard to these complex processes.
Introduction
Fertilization in mammalian species is a process with sequential steps, including sperm capacitation in the female genital tract, binding of capacitated sperm to the zona pellucida (ZP), induction of the acrosome reaction (AR), penetration of the ZP and fusion of sperm with the egg vitelline membrane [1] . Sperm capacitation involves metabolic and functional changes such as the removal or appearance of specific molecules and important changes in the plasma membrane; the acrosome reaction is an exocytotic event induced by calcium influx that renders the spermatozoa capable to penetrate the ZP and fuse with the plasma membrane of the egg [2] .
However, these processes can be achieved only if the spermatozoa are viable, in addition to other parameters. The determination of sperm viability is a useful technique for the assessment of semen quality; membrane integrity and mitochondrial activity are important viability parameters of spermatozoa. Different fluorescent techniques based on the permeability of the cell membrane to dyes have been developed to determine these parameters; it is possible to detect one or more different fluorochromes in a cell, enabling the simultaneous quantification and analysis of the fluorescence intensity of one or more populations [3, 4] . Propidium iodide (PI) is a vital fluorescent dye that binds DNA in a non-covalent manner, indicating plasma membrane damage when cells emit red fluorescence [5] . Rhodamine 123 (R123) is a vital fluorescent dye that directly stains mitochondria, providing low-background high-resolution green fluorescence; because there are no apparent cytotoxic effects, it is used often to assess mitochondrial function [6, 7] . Flow cytometry has been used to quantify the fluorescence intensity emitted by large populations of stained sperm cells in a short period of time [8] [9] [10] .
The aim of this work was to determine the viability of boar sperm (fresh, one hour post-capacitation induction and acrosome reacted) by flow cytometry using PI and R123.
Materials and Methods
All chemicals were purchased from Sigma Chemical Company (St. Louis, MO), unless otherwise indicated.
Semen samples were obtained from the sperm-enriched fraction of the ejaculates from 3 healthy Landrace fertile boars using the gloved-hand method, followed by the removal of the gelatinous fraction.
Semen analysis was performed under a light microscope. All the samples were classified as normozoospermic according to established criteria [11] . The semen was diluted in Beltsville liquid extender (BL-1) to improve the viability of the sperm during the 12 h required for transportation at 16˚C [12, 13] .
Fresh Sperm
To remove the semen plasma, the semen was washed twice by adding 1 mL of phosphate-buffered saline (PBS) to an equal volume of semen, followed by centrifugation at 600× g for 5 min. The pellet was resuspended in 1 mL of PBS.
Capacitation Induction
Following the two washes described above, the pellet was resuspended in 1 mL of PBS. Aliquots of 8 × 10 6 cells were seeded in a Nunc 4-well multidish (Nunc, Denmark) with 1 mL of capacitation medium (TALP-HEPES) supplemented with 6 mg/mL of bovine serum albumin fraction V (BSA) and 7 mM sodium pyruvate, pH 7.4 [14, 15] .
The cells were incubated for 1 h at 39˚C in a humid atmosphere with 5% CO 2 [16] .
Acrosome Reaction (AR) Induction
Progesterone was added to the samples at a final concentration of 10 µg/mL to induce the AR and incubated for 20 min under the same conditions as above [17, 18] .
Flow Cytometry
Aliquots of 5 × 10 5 sperm in 200 µL were incubated under three conditions: 1) 25 µL of IP (1.25 μg/mL) for 10 min at 38˚C. The samples were then washed twice in 1 mL of PBS and centrifuged for 5 min at 600× g.
2) 5 µL of R123 (0.20 μg/mL) for 10 min at 38˚C. The samples were then washed twice in 1 mL of PBS and centrifuged for 5 min at 600× g.
3) 25 µL of IP (1.25 μg/mL) and 5 µL of R123 (0.20 μg/mL) for 20 min at 38˚C. The samples were then washed twice in 1 mL of PBS and centrifuged for 5 min at 600× g.
The labeled pellets were resuspended and fixed in 1% paraformaldehyde in PBS. The proportion of labeled spermatozoa and their fluorescence intensities were measured using a FACScan flow cytometer (Becton Dickinson, Immunocytometry System, CA, USA). Five thousand cells per sample were analyzed. The data were analyzed using a paired Student's T test; probability values P < 0.05 were considered significant [4, 16] .
Light Microscopy
Sperm viability was evaluated by eosin-nigrosin staining (1% eosin and 5% nigrosin), mixing three parts of semen and one part of stain. Two hundred cells of each dried preparation were analyzed using a light microscopy (magnification × 400) [19, 20] .
Results and Discussion
There are many interrelated physiological aspects of spermatozoa, including viability, motility and mitochondrial function and such characteristics can be assessed by flow cytometry. Using live and dead cells, the optimal final stain concentrations specific for the sperm concentrations and culture conditions used in this study were determined in preliminary assays (data not shown).
We analyzed the sperm viability of samples transported in BL-1 under three conditions: fresh (without incubation), capacitated (one hour of incubation in capacitation medium) and acrosome reacted (acrosome reaction induced with progesterone).
We expressed the results of flow cytometry as the Fluorescence index (FI) by multiplying the percentage and fluorescence intensity of the labeled sperm [10] . When stained only with PI, we observed that the FI of the reacted sperm was higher than in the capacitated sperm and still higher than in the fresh sperm, with statistically significant differences. There was no difference between the fresh and capacitated sperm ( Table 1) .
We observed significant differences between the groups of fresh and capacitated sperm, between the fresh and reacted sperm and between the capacitated and reacted sperm when using R123 ( Table 2) .
Regarding the combined staining with PI and R123, it was observed that the FI emitted by PI gradually increased and we found significant differences between the fresh and reacted and between the capacitated and reacted sperm. Using R123, the FI increased in the capacitated but decreased in the acrosome-reacted sperm, with significant differences between the fresh and capacitated sperm ( Table 3) ; although there was no significant difference between the capacitated and acrosome-reacted groups, there was a tendency toward a decrease of fluorescence in acrosome-reacted spermatozoa. These data are consistent with those found when using PI and R123 separately. It is important to note that by increasing the temperature to 25˚C, Medrano et al. detected changes in the permeability of the spermatozoa plasma membrane, and these authors reported many fluorescent cells using PI [21] . We think that PI is not the best vital stain for capacitated and acrosome-reacted spermatozoa studies because the plasma and acrosome membranes become fluid and permeable during these processes, resulting in inaccurate data. The staining intensity of R123 is concentration dependent under equilibrium conditions over a range of 0.2 -l50 µg/mL. Some authors report the use of 10 µg/mL [7, 22] , however we used a lower concentration and found a good fluorescent signal. The use of R123 is advantageous because it measures the mitochondrial activity of spermatozoa that are still alive, even though the plasma membrane is permeable because of the acrosome reaction and these spermatozoa could be counted as dead cells by PI staining [23] .
Our results suggest that the increase in R123 fluorescence intensity in capacitated sperm is due to changes in the mitochondrial activity rather than the mitochondrial number because the spermatozoa underwent flagellar activation during the capacitation process [24] . The capacitation status has been observed through calciummediated changes using chlortetracycline or by changes in membrane fluidity monitored by the binding of the fluorescent amphiphilic probes Merocyanine 540, annexin-V, C6NBD and Ro-09-0198 [25] . To our knowledge, there are no reports of the status of mitochondrial activity of boar sperm measured with R123 after one hour of capacitation.
To verify and to compare our flow cytometry data, we also utilized light microscopy with eosin-nigrosin staining to evaluate the sperm samples. Using this technique, the dead sperm stained red or pink because the integrity of their plasma membranes had been compromised, causing an increase in membrane permeability that led to the uptake of the dye; in contrast, the live sperm remained white. We found a gradual decrease in live sperm, i.e., the fresh sperm group had a greater percentage of living cells (80 ± 12), which decreased after one hour of capacitation induction (62 ± 9) and decreased further in the acrosome-reacted group (54 ± 12); the differences between the fresh and the other two groups were significant (P < 0.05, n = 5). These data are in agreement with those obtained with the PI-flow cytometry method.
The use of fluorochromes and flow cytometry is a good tool for monitoring many markers of sperm function. Although the capacitation and acrosome reaction processes have been studied for many years, being that these processes are so complex, there is still much in-formation to be elucidated.
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